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 Objective. Early adiposity rebound ([AR], when body mass index [BMI] rises after reaching a nadir) strongly predicts later 
obesity. We investigated whether the upswing in BMI at AR is accompanied by an increase in body fat.  Design. Community-
based cohort study.  Subjects. A total of 299 fi rst-born children (49% male).  Measurements. Six-monthly anthropometry and 
bioelectrical impedance, 4 – 6.5 years; lean and fat mass index (kg/m 2 ) for direct comparison with BMI. Supplementary 
(0 – 2 years) weight and length measures (needed for growth curve modelling) were drawn from subjects ’ child health records. 
 Methods. AR was estimated from individually modelled BMI curves from birth to 6.5 years. Two main analyses were per-
formed: 1) cross-sectional comparisons of BMI, fat mass index (FMI), lean mass index (LMI) and percent body fat in 
children with early (  5 years) and later (  5 years) rebound; and 2) investigation of linear trends in BMI, FMI, LMI and 
percent body fat before and after AR.  Results. The 81 children (27%) experiencing early AR had higher BMI, FMI, LMI 
and percent fat at 6.5 years. Overall, FMI decreased steeply pre-AR, at 0.56 (0.02) kg/m 2 per year (mean [Standard 
Error]), then fl attened post-AR to 0.07 (0.05) kg/m 2 per year. In contrast, LMI increased pre-AR (0.34 [0.01]) and steep-
ened post-AR (0.47 [0.03] kg/m 2 per year).  Conclusion. The  ‘ adiposity rebound ’ is characterised by increasing  lean mass 
index, coupled with cessation of the decline in fat mass index. Understanding what controls the dynamics of childhood 
body composition and mechanisms that delay AR could help prevent obesity. 
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 ‘ Adiposity rebound ’ (AR) describes the fall and sub-
sequent rise in body mass index (BMI) that occurs in 
most young children around the age of school entry. 
Since fi rst described in 1984 (1), clear and consistent 
associations have been demonstrated between earlier 
rebound and higher BMI in adolescence and adult-
hood across at least six international cohorts (2 – 7). 
 Associations with later type 2 diabetes (7,8) and 
increased cardiovascular risk (9) may indicate that 
early rebound is part of a developmental pathway 
to the metabolic syndrome. Hence, the adiposity 
rebound is a potentially important, even critical, 
period for the development of obesity (10). 
 This makes it very surprising that it is not yet 
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that early rebound is related to a precocious increase 
in fat cell number, as part of a process of advanced 
cellular maturation that may be mediated by hor-
monal factors and, in turn, by diet (1). These hypoth-
eses have only been partially tested in terms of the 
association between early AR and protein intake, and 
results have been inconclusive (11 – 13). Conversely, 
others have suggested that the association with high 
later BMI is essentially a statistical phenomenon, 
marking out those already on a higher percentile for 
BMI and/or with accelerated weight gain (14). 
 No studies have measured adiposity other than 
by BMI in suffi cient detail during the period of 
rebound to clarify these issues. Following the 
rebound, early rebounders have higher BMI, waist ealth, Royal Children ’ s Hospital, 50 Flemington Rd, Parkville, Victoria 3052, 
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fat compared with later rebounders (15,16). In a 
study that followed 39 girls annually for up to four 
years using dual-energy X-ray absorptiometry (DXA) 
(17), early rebounders had similar levels of body fat 
at 5 years but higher levels of fat mass (kg) and per-
centage body fat at 9 years, suggesting that they gain 
fat faster. However, the changes in body composition 
at the time of AR were not elucidated. 
 Therefore, we report here on a community-based 
cohort study in which subjects had both BMI and 
body composition measured every 6 months through 
the period of adiposity rebound, supplemented by 
measured BMI from infancy. We aimed to: 
 Estimate the age of adiposity rebound in each 1. 
child using a model of the child ’ s BMI curve 
to identify the point of steady BMI increase. 
 Describe cross-sectional BMI and body com-2. 
position characteristics at the beginning 
(4 years of age) and end (6.5 years of age) of 
the study period. 
 Describe longitudinal changes in body com-3. 
position during the period of adiposity 
rebound and determine whether the rebound 
in BMI is accompanied by a rise in fat mass 
index. 
 Methods 
 Design and participants 
 The PEAS Kids Growth Study is a prospective, com-
munity-based longitudinal study that followed an 
established cohort in Melbourne, Australia, from 4 to 
6.5 years of age, which is the usual period during which 
adiposity rebound occurs. The sample was assembled 
soon after birth into the Parent Education And Sup-
port (PEAS) Program in two waves: June 1998 – Janu-
ary 1999, and June 1999 – January 2000 (18). A total 
of 493 fi rst-time parents were recruited from Maternal 
and Child Health (MCH) centres in three munici-
palities in urban, suburban and semi-rural locations. 
As well as seeing their MCH nurses regularly, seven 
questionnaires were administered over the two-year 
follow-up. In total, 469 families (93%) completed the 
PEAS Program at 2 years (see Figure 1). 
 At 4 years of age, families were invited back into 
the PEAS Kids Growth Study if still resident within 
metropolitan Melbourne; children with medical con-
ditions signifi cantly affecting growth were excluded. 
Researchers assessed children six-monthly until age 
6.5 years, initially at the local MCH centre and, in 
later years, at the children ’ s homes. Parents also com-
pleted yearly questionnaires and measures of nutri-
tion and physical activity. The project was approved by the Royal Children ’ s Hospital Human Research 
Ethics Committee, and parents provided written 
informed consent at 0 and 4 years. 
 Measures 
 Anthropometry. Between 4 and 6.5 years, weight, 
height and bioelectrical impedance were measured 
6-monthly by a trained research assistant according 
to standard protocols. Weight was measured in light 
clothing using digital bathroom scales (TI-THD 
646, Tanita, Tokyo, Japan) to the nearest 0.1 kg. 
Height was measured using an Invicta portable sta-
diometer (Oadby, Leicester, England) to the nearest 
0.1 cm, without shoes. Measurements were taken in 
duplicate and averaged. If the difference in the two 
measurements was 0.5 cm or more, a third was taken, 
and the average of the closest two used. Based on 
child body mass index (BMI, weight [kg]/height 
[m] 2 ), children were classifi ed as not overweight, 
overweight or obese in accordance with the criteria 
of the International Obesity Task Force (19). 
 Supplementary 0 – 2-year-old anthropometric 
data (collected by MCH nurses) were abstracted 
from the subject ’ s child health record at the 5-year 
visit, with 95% of the sample having at least six mea-
surements during the fi rst two years of life. These 
infant data were used to generate modelled curves of 
BMI from birth to 6.5 years, and were essential to 
accurately estimate the age of AR. 
 Body composition.  Lean body mass was estimated using 
a Quadscan 4000 multifrequency bioelectric imped-
ance analyser (Bodystat Ltd, UK). Hand-to-foot body 
impedance was determined after the child had been 
lying down quietly for 5 minutes. Lean mass was cal-
culated from impedance at 50 kHz, using Schaefer ’ s 
equation, which has been validated against total body 
potassium in 3.9 to 19-year-olds (20). This equation 
has also been found to accurately predict percent body 
fat against dual-energy X-Ray absorptiometry (DXA) 
in overweight and obese Australian children (21). 
 Fat mass was calculated as the difference between 
body weight and lean mass, and percent body fat was 
calculated as the ratio of fat mass to body weight. To 
allow direct comparisons with BMI, lean mass and 
fat mass were normalised for height (m 2 ) to give lean 
mass index (LMI) and fat mass index (FMI), 
 respectively (22). 
 Demographic characteristics 
 Demographic characteristics were obtained from 
parent questionnaire at 4 years, and include reports 
of the highest level of maternal education, parental 
country of birth, and languages spoken at home. 
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 Estimating the timing of adiposity rebound .  As per 
Rolland-Cachera et al., AR was defi ned as the 
point where BMI began a steady increase (1). This 
is because in some children, BMI  ‘ bottoms out ’ or 
undulates for a period of time, so methods defi n-
ing AR simply as the point of minimum BMI 
 systematically  underestimate age of AR (23). 
 First, a smooth curve was fi tted to each indi-
vidual ’ s sequence of BMI values using the Reed 
5-parameter growth curve model (24) (Equation 1). 
Inclusion required at least fi ve measurements between 
0 and 2 years, and four measurements between 4 
and 6.5 years, including measures at birth and 6.5 
years. Goodness of fi t was assessed by calculating 
the Root Mean Squared Error (RMSE) for each Recruitment
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*Excluded due to medical condition severely affechild.  Subsequently, individual BMI velocity curves 
were constructed by taking the fi rst derivative of 
the Reed equation and using saved coeffi cients to 
calculate BMI velocity every 0.05 years from birth 
to 2 years, and every 0.25 years from 2 to 6.5 years. 
To identify the point of steady increase, we con-
structed graphs of the  ‘ sign ’ of BMI velocity, where 
values of   0.1 kg/m 2 /year were considered to be 
 ‘ negative ’ , 0.1 to 0.1  ‘ zero ’ , and    0.1 kg/m 2 /
year  ‘ positive ’ . A steady increase was indicated by 
a change from  ‘ zero ’ to  ‘ positive ’ over two or more 
consecutive time points. 
 Equation 1: Reed growth curve model 99
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210  M.W.-C.Campbell et al.  where:  y ij represents the growth parameter of interest 
(height, or weight, BMI or log transformed) on the 
 j ’ th occasion for the  i ’ th child. 
 x ij represents age, usually expressed as age  1, as 
 x cannot be zero. 
 i is the child number. 
 j is the occasion number. 
 a,b,c,d and e are the coeffi cients of the Reed 
model, to be estimated for each child. 
 ε is an error term. 
 AR occurs across a wide age range (25) that extends 
beyond the 6.5 years covered by the study period. 
Hence, for descriptive analyses, timing of AR was 
treated as a categorical variable. Children were divided 
into groups of early AR (  5 years) and later AR (  5 
years), consistent with recent studies (6,7,12). 
 Cross-sectional differences in mean BMI and body 
composition 
 Student ’ s t-test was used to assess differences at 4 
and 6.5 years in mean BMI, FMI, LMI, fat mass, 
lean mass, and percent body fat by i) timing of AR 
(early versus later) and ii) sex. 
 Trends in BMI and body composition 
 Trends in BMI and body composition before and 
after AR were analysed by fi tting simple linear trends 
using generalised estimating equations (GEEs) to 
account for within-person correlation (26). We 
assumed an exchangeable correlation structure 
because of irregular spacing of measurements. The 
child ’ s age was fi rst centred at the age of AR, by 
subtracting the age of AR from the child ’ s age at each 
visit (i.e., zero at AR, negative before AR and positive 
after AR). For the purpose of this analysis, if the child 
had not undergone AR by 6.5 years, the age of AR 
was designated as 7 years. Only subjects with three 
or more data points on at least one side of the AR 
were included in these analyses. As the adiposity 
rebound is defi ned by the direction of BMI change, 
the average linear trend in BMI would be negative 
before AR (decreasing over time) and positive after 
AR (increasing over time). This analysis aimed to 
compare the direction and steepness of the gradients 
in FMI and LMI with those of BMI in the periods 
before and after AR, and to assess the change in 
 percent body fat. 
 Interaction tests were performed to assess whether 
there were sex-related differences in the gradients of 
change before and after AR.  All statistical analyses were performed using 
Stata version 10.1 for Windows (Statacorp Texas, 
1984 – 2008). 
 Results 
 Participant characteristics 
 A total of 341 fi rst-born children (50% male) 
were re-enrolled at 4 years, of whom 317 were 
followed to 6.5 years. Children were of predomi-
nantly  European ancestry; most parents were born 
in Australia (86% mothers, 83% fathers), and all 
families spoke  English as a fi rst language. Forty 
percent of mothers had a university degree. Rates 
of child overweight (17%) and obesity (3%) at 4 
years were comparable with a contemporaneous 
 nationally-representative sample (27). 
 Timing of adiposity rebound 
 A total of 301 children (48.5% male) fulfi lled the 
minimum data requirements for growth modelling. 
All cases showed adequate goodness of fi t (RMSE 
0.51 [0.18] kg/m 2 ; mean [Standard deviation, SD]). 
Three main patterns of BMI change were identifi ed: 
(a) 115 children (38%) showed a peak in infancy, 
then a trough or plateau, followed by a defi nite 
upswing in BMI; (b) 140 children (47%) showed a 
continued BMI decline or  “ bottoming out ” by 6.5 
years; and (c) 46 children (15%) had undulating 
curves where, after reaching a nadir and a period of 
initial increase, BMI again decreased. As our working 
defi nition of AR was the point of steady BMI increase, 
all but fi ve of children with undulating curves were 
classifi ed by consensus (MC, JC, JW) as having AR 
beyond 6.5 years. In the fi ve remaining cases, BMI 
ranged from 0.9 to 6.1 kg/m 2 above the nadir by 6.5 
years, so AR was deemed to have occurred at the 
initial rise. 
 Overall, we were able to classify timing of AR in 
299 children. In two cases, we were unable to come 
to a consensus about the point of steady increase. 
Four children (1%) went through AR   2 years, 35 
(12%) at 2 to   4 years, 81 (27%) at 4 to 6.5 years, 
and 179 children (60%) beyond 6.5 years. Adiposity 
rebound was classifi ed as early (  5 years) in 81 
(27%) and later (  5 years) in 218 (73%). One in 
three girls had early rebound compared with one in 
fi ve boys (p  0.01). 
 Early rebounders had an increased risk of being 
overweight/obese at 6.5 years, with 43 (53%) being in 
the overweight/obese range, compared with 15 (7%) 
later rebounders. Although girls were more likely to 
experience early rebound, there was no evidence of 
sex differences in prevalence of overweight/obesity in 
  Is the adiposity rebound a rebound in adiposity? Prospective epidemiologic study  211children who completed follow-up (n  317) at 6.5 
years (27 [17%] boys, 35 [22%] girls; p  0.35). 
 Cross-sectional analyses at 4 and 6.5 years 
 Table I shows mean anthropometric and body compo-
sition values at 4 and 6.5 years according to the timing 
of rebound, stratifi ed by sex. At 4 years, boys with early 
AR had a higher BMI, fat mass, FMI and percent body 
fat, but similar levels of lean mass and LMI to later 
rebounders. In contrast, the girls with early AR had 
higher BMI, lean mass and LMI compared with later 
rebounders, but body fat levels were similar. 
 By 6.5 years, the early AR group had higher fat 
mass, FMI and percent body fat, as well as higher lean mass and LMI in both sexes. Overall, boys had 
a higher BMI and LMI than girls at 4 and 6.5 years, 
regardless of adiposity rebound timing. There was 
minimal statistical evidence to suggest differences in 
mean heights at 4 or 6.5 years between early and later 
AR groups. 
 Trends in BMI and body composition variables before 
and after AR (Table II) 
 A total of 219 subjects (117 males) provided data for 
analyses before AR with an average of 5.5 observa-
tions per child, and 92 subjects (33 males) after AR, 
with an average of 4.9 observations per child. As  Table I. Cross-sectional values for body mass index and body composition according to timing of adiposity rebound and sex at 4 and 
6.5 years (n  299). 
 Body composition variable 
 Early AR  Later AR 
 P-value ∗ ∗  n ∗  Mean (SD)  n  Mean (SD) 
 4 years 
 Males 
Weight (kg) 29 19.9 (3.0) 115 18.6 (2.2) 0.02
Height (cm) 30 107.1 (3.8) 115 106.2 (4.4) 0.29
Body mass index (kg/m 2 ) 29 17.3 (1.6) 115 16.5 (1.1) 0.004
Fat mass index (kg/m 2 ) 28 5.5 (1.3) 110 4.8 (0.9) 0.002
Lean mass index (kg/m 2 ) 29 11.8 (0.7) 110 11.6 (0.8) 0.22
Fat mass (kg) 28 6.4 (2.0) 110 5.5 (1.3) 0.003
Lean mass (kg) 29 13.6 (1.5) 110 13.2 (1.3) 0.14
Percent fat (%) 28 31.6 (5.0) 110 29.2 (4.3) 0.01
 Females 
Weight (kg) 51 18.4 (2.1) 102 17.4 (1.9) 0.004
Height (cm) 51 105.3 (3.9) 102 104.2 (4.0) 0.13
Body mass index (kg/m 2 ) 51 16.6 (1.3) 102 16.0 (1.1) 0.005
Fat mass index (kg/m 2 ) 50 5.2 (1.0) 97 5.0 (1.1) 0.30
Lean mass index (kg/m 2 ) 50 11.4 (1.0) 97 11.0 (0.8) 0.02
Fat mass (kg) 50 5.7 (1.2) 97 5.4 (1.4) 0.19
Lean mass (kg) 50 12.7 (1.5) 97 12.0 (1.2) 0.005
Percent fat (%) 50 31.1 (5.0) 97 30.9 (5.7) 0.83
 6.5 years 
 Males 
Weight (kg) 30 28.1 (4.8) 116 23.8 (2.8)   0.001
Height (cm) 30 123.3 (4.1) 116 121.8 (5.0) 0.125
Body mass index (kg/m 2 ) 30 18.4 (2.2) 116 16.0 (1.1)   0.001
Fat mass index (kg/m 2 ) 30 5.5 (2.0) 115 3.6 (0.9)   0.001
Lean mass index (kg/m 2 ) 30 12.9 (0.8) 115 12.4 (0.8) 0.006
Fat mass (kg) 30 8.5 (3.6) 115 5.4 (1.6)   0.001
Lean mass (kg) 30 19.6 (1.9) 115 18.4 (1.8) 0.002
Percent fat (%) 30 29.2 (7.6) 115 22.3 (4.8)   0.001
 Females 
Weight (kg) 51 25.9 (3.3) 102 22.5 (3.0)   0.001
Height (cm) 51 121.1 (4.5) 102 119.7 (4.7) 0.09
Body mass index (kg/m 2 ) 51 17.7 (1.7) 102 15.7 (1.3)   0.001
Fat mass index (kg/m 2 ) 50 5.3 (1.7) 99 4.0 (1.3)   0.001
Lean mass index (kg/m 2 ) 50 12.4 (1.0) 99 11.8 (0.7)   0.001
Fat mass (kg) 50 7.7 (2.6) 99 5.7 (2.1)   0.001
Lean mass (kg) 50 18.2 (1.9) 99 16.9 (1.4)   0.001
Percent fat (%) 50 29.2 (7.0) 99 24.8 (6.7)   0.001
 ∗ Note: A small number of children did not complete all measurements at 4 years, but were able to complete follow-up measures. 
 ∗ ∗ Early vs. later rebound. 
 SD: Standard deviation. 
212  M.W.-C.Campbell et al. expected, the coeffi cient of BMI over time was neg-
ative before AR and positive after AR. 
 FMI decreased quite steeply before AR, and then 
fl attened out. In contrast, LMI increased both before 
and after AR. Percent body fat decreased on average 
at about 3% per year before the AR, then decreased 
at a lower rate of just under 1% per year. The pre-
dicted linear trends in BMI and body composition 
variables are illustrated in Figure 2, overlaid on the 
individual plots of raw data and, centred on age of 
AR. While the individual plots showed variable start-
ing values, the gradients of change were remarkably 
consistent, especially for LMI. Because subjects had 
to have at least three data points on either side of AR 
for inclusion, only 12 subjects contributed to trend 
lines both before  and after AR. Hence, the trend lines 
before and after AR do not meet at the age of AR. 
Those with earlier AR (to the right of zero) had 
higher FMI, BMI and fat percent, and lower LMI at 
the time of AR than those on the left, who took much 
longer to arrive at AR. 
 There was statistical evidence of some sex dif-
ferences in gradients of change pre- and post-AR 
(Table II). In the pre-rebound period, boys had a 
slightly steeper decline in BMI, FMI and percent 
body fat than girls, while rates of LMI gain were  similar. Post-rebound, females showed a slightly 
steeper rate of LMI gain, while males had slightly 
higher FMI gains than girls; however, we are cau-
tious about these interpretations because of the small 
number of boys contributing to data post-AR. 
 Discussion 
 This study shows that the  ‘ adiposity rebound ’ is not 
primarily characterised by an upswing in fat mass 
index. Rather, it coincides with the time that FMI 
stabilises after an initial period of steady decline. The 
rise in BMI post-AR is predominantly attributable to 
increasing  lean mass index. The net result is that per-
centage body fat continues to decrease for some time 
after the BMI rebound. 
 Our longitudinal analyses suggest that the dif-
ferences in adiposity between early versus later 
rebounders at 6.5 years result from differences in 
the pattern of  decline in FMI; FMI levels out in 
early rebounders, but continues to decline in later 
rebounders. This observation differs from two other 
studies that examined body composition changes in 
later childhood (after 7 years) and suggested a steady 
increase in FMI after adiposity rebound (16,28). To 
our knowledge, ours is the fi rst study to detail the  Table II. Average gradients of body mass index (BMI) and body composition variables before and after adiposity rebound (AR). Subjects 
with   3 or more data points before AR contribute to the before-AR gradient, and subjects with   3 data points after AR contribute to 
the after-AR gradient. 
 Before AR  After AR 
 Body composition variable  Coeffi cient (SE) ∗  95% CI 
 P-value for 
interaction ∗ ∗  Coeffi cient (SE) ∗  95% CI 
 P-value for 
interaction ∗ ∗ 
 All  n  219  n  92 
BMI (kg/m 2 per year) 0.23 (0.02) 0.26 to 0.19 0.02 0.54 (0.05) 0.45 to 0.64 0.98
Fat mass index 
(kg/m 2 per year)
0.56 (0.02) 0.60 to 0.53 0.01 0.07 (0.05) 0.03 to 0.16 0.36
Lean mass index 
(kg/m 2 per year)
0.34 (0.01) 0.32 to 0.37 0.35 0.47 (0.03) 0.42 to 0.52 0.07
Percent body fat 
(% per year)
3.16 (0.10) 3.36 to 2.97 0.04 0.70 (0.19) 1.07 to 0.32 0.19
 Males  n  117  n  33 
BMI (kg/m 2 per year) 0.26 (0.02) 0.30 to 0.22  0.54 (0.07) 0.40 to 0.68 
Fat mass index 
(kg/m 2 per year)
0.61 (0.02) 0.65 to 0.57  0.13 (0.07) 0.02 to 0.27 
Lean mass index 
(kg/m 2 per year)
0.35 (0.02) 0.32 to 0.39  0.41 (0.03) 0.35 to 0.48 
Percent body fat 
(% per year)
3.36 (0.12) 3.60 to 3.11  0.37 (0.28) 0.93 to 0.19 
 Females  n  102  n  59 
BMI (kg/m 2 per year) 0.19 (0.03) 0.24 to 0.13  0.54 (0.07) 0.42 to 0.67 
Fat mass index 
(kg/m 2 per year)
0.51 (0.03) 0.57 to 0.45  0.03 (0.06) 0.09 to 0.16 
Lean mass index 
(kg/m 2 per year)
0.33 (0.02) 0.29 to 0.37  0.50 (0.04) 0.43 to 0.57 
Percent body fat 
(% per year)
2.95 (0.16) 3.26 to 2.64  0.88 (0.25) 1.38 to 0.38 
 ∗ Robust standard error. 
 ∗ ∗ Test for interaction between age and sex. 
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or close to, the time of AR. Taken with the existing 
literature, our data suggest that the transition from 
steady decline to steady increase of adiposity occurs 
over a more protracted period than the BMI curve 
would suggest and, if we followed these children 
for longer, we may eventually see a positive trend 
in FMI. 
 Consistent with other studies (15,16,29), chil-
dren with early AR had higher adiposity indices by 
the end of follow-up than those with later AR. Our 
cross-sectional comparisons are also consistent with 
Taylor ’ s observations that rates of fat (kg) gain were 
higher in girls with early versus later rebound (29), 
and we extend these fi ndings for boys. However, Tay-
lor did not fi nd a difference in lean mass between 
early and late rebounders, and argued that changes 
in fat stores entirely explained the differences between 
the two groups. Our larger study showed clear evi-
dence of differences in lean mass and LMI between 
early and later rebounders at 6.5 years. 
 This study has a number of limitations. First, as 
we followed children only to 6.5 years, not all reached 
the point of BMI rebound. Thus, it is possible that a 0
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Fat mass indexsmall number might have been classifi ed differently 
had we collected further data points. Body composi-
tion data were available for a relatively short time 
frame. Further follow-up in later childhood (in prog-
ress) will clarify our initial estimates of timing of 
rebound and whether there is a later rise in FMI. 
Second, the 0 – 2-year-old child health record mea-
surements had greater potential for measurement 
error than the 4 – 6.5-year-old research measure-
ments. However, Howe et al . have shown that child 
health record measurements are suffi ciently accurate 
for research purposes and are not systematically 
biased (30). Moreover, our own exploratory analyses 
of the Reed model showed minimal differences in 
goodness of fi t between infant and childhood BMI. 
Third, bioelectrical impedance (chosen for practical 
and safety considerations) measures body composi-
tion less accurately than tools such as DXA. Absolute 
values of percentage body fat vary according to the 
predictive equation used (31), but this should not 
affect the interpretation of gradients obtained using 
the same equation. Lean mass estimates fl uctuate 
with body hydration, which may increase imprecision 
in estimating changes in body composition over time. 0
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Figure 2. Raw trajectories (light grey) overlaid with population-averaged gradients (heavy line) for body mass index and body composition 
variables, centred on age at adiposity rebound (AR). 
214  M.W.-C.Campbell et al. Ideally, we would like to confi rm our observations 
using alternative methods of body composition esti-
mation, though this may prove challenging in epide-
miological studies. 
 The study ’ s strengths lie in the large number of 
available measures of growth from birth (on average, 
13 per child by age 6.5 years), which enabled us to 
construct well-fi tting growth curves to estimate AR. 
Modelling the entire curve from birth provided more 
precise estimations of the age of AR than visual 
inspection of raw BMI values from 4 to 6.5 years. 
Internal validity is strong due to the completeness 
and accuracy of the growth data and, as the PEAS 
Kids Growth Study is a community cohort, the fi nd-
ings should generalise to most healthy children of 
European backgrounds in this age group. 
 In conclusion, the term  “ BMI rebound ” more 
accurately describes this period of childhood growth 
than  “ adiposity rebound ” . While BMI correlates 
strongly with adiposity at a cross-sectional population 
level, this study shows that it does not accurately rep-
resent adiposity change over time in this age group. 
 Prior to BMI rebound, FMI decreases steadily 
over a protracted time. When this period is foreshort-
ened, the risk of future obesity is increased. Even after 
BMI rebound, the inevitable process of FMI increase 
does not appear to commence immediately. This may 
imply that there remains a window of opportunity to 
further delay the increase in FMI in early childhood 
even after BMI has started to increase. Therefore, 
additional study needs to be directed at carefully 
examining how potentially modifi able behavioural and 
environmental factors infl uence the timing of BMI 
rebound and changes in BMI and childhood body 
composition during this dynamic period of growth.  
 Acknowledgments 
 The PEAS Kids Growth Study was funded by the 
Murdoch Childrens Research Institute seed funding 
and NHMRC project grant #284582. The authors ’ 
work was independent of the funders (the funding 
source had no involvement). MW was supported by 
NHMRC Population Health Career Development 
Awards #284556 and #546405, and MC by NHMRC 
Public Health Capacity Building Grant #436914. 
 We would like to acknowledge the past contribu-
tions of Susie Gallagher and Louise Canterford. We 
thank all the research staff, Maternal  & Child Health 
Nurses and families involved in the PEAS Program 
and PEAS Kids Growth Study. 
 We declare that there are no competing fi nancial 
interests in relation to the subject matter or materi-
als described in this manuscript. The PEAS Kids 
Growth Study was funded by the Murdoch Chil-
drens Research Institute seed funding and NHMRC  project grant #284582. The authors ’ work was inde-
pendent of the funders (the funding source had no 
involvement). MW was supported by NHMRC 
Population Health Career Development Awards 
#284556 and #546405, and MC by NHMRC Pub-
lic Health Capacity Building Grant #436914. 
 Declaration of interest: The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 
 References 
 Rolland-Cachera M-F, Deheeger M, Bellisle F et al. Adipos-1. 
ity rebound in children: a simple indicator for predicting 
adiposity. Am J Clin Nutr. 1984;39:129 – 35. 
 Prokopec M, Bellisle F. Adiposity in Czech children followed 2. 
from 1 month of age to adulthood: analysis of individual BMI 
patterns. Ann Hum Biol. 1993;20:517 – 25. 
 Siervogel RM, Roche AF, Guo SM et al. Patterns of change 3. 
in weight/stature 2 from 2 to 18 years: fi ndings from long-
term serial data for children in the Fels longitudinal growth 
study. Int J Obes. 1991;15:479 – 85. 
 Williams S, Davie G, Lam F. Predicting BMI in young adults 4. 
from childhood data using two approaches to modelling the 
adiposity rebound. Int J Obes Relat Metab Disord. 
1999;23:348 – 54. 
 Freedman D, Kettel Khan L, Serdula M et al. BMI rebound, 5. 
childhood height and obesity among adults: the Bogalusa 
Heart Study. Int J Obes Relat Metab Disord. 2001;25:543 – 9. 
 Whitaker R, Pepe M, Wright J et al. Early adiposity rebound 6. 
and the risk of adult obesity. Pediatrics. 1998;101:e5. 
 Bhargava SK, Sachdev HS, Fall CH et al. Relation of serial 7. 
changes in childhood body-mass index to impaired glucose tol-
erance in young adulthood. N Engl J Med. 2004;350:865 – 75. 
 Eriksson J, Forsen T, Tuomilehto J et al. Early adiposity 8. 
rebound in childhood and risk of Type 2 diabetes in adult 
life. Diabetologia. 2003;46:190 – 4. 
 Yajnik CS. Early life origins of insulin resistance and type 2 9. 
diabetes in India and other Asian countries. J Nutr. 
2004;134:205 – 10. 
 Dietz W. Periods of risk in Childhood for the development 10. 
of adult obesity-what do we need to learn? J Nutr. 
1997;127:1884 – 6S. 
 Rolland-Cachera M, Deheeger M, Akrout M et al. Infl uence 11. 
of macronutrients on adiposity development: a follow up 
study of nutrition and growth from 10 months to 8 years of 
age. Int J Obes Relat Metab Disord. 1995;19:573 – 8. 
 Dorosty A, Emmett P, Cowin S et al. Factors associated with 12. 
early adiposity rebound. ALSPAC Study Team. Pediatrics. 
2000;105:1115 – 8. 
 Gunther AL, Buyken AE, Kroke A. The infl uence of habitual 13. 
protein intake in early childhood on BMI and age at adipos-
ity rebound: results from the DONALD Study. Int J Obes 
(Lond). 2006; 30(7) :1072 – 9. 
 Cole T. Children grow and horses race: is the adiposity rebound 14. 
a critical period for later obesity? BMC Pediatrics. 2004;4:6. 
 Rolland-Cachera M, Deheeger M, Guilloud-Bataille M et al. 15. 
Tracking the development of adiposity form one month of 
age to adulthood. Ann Hum Biol. 1987;14:219 – 29. 
 Williams SM, Goulding A. Patterns of growth associated 16. 
with the timing of adiposity rebound. Obesity (Silver Spring). 
2009;17:335 – 41. 
  Is the adiposity rebound a rebound in adiposity? Prospective epidemiologic study  215 Taylor R, Williams S, Goulding A. Girls undergoing early 17. 
adiposity rebound gain fat at faster rate than girls with a later 
rebound. Asia Pac J Clin Nutr. 2004;13:S43. 
 Wake M, Gallagher S, Poulakis Z et al. The Parent Education 18. 
and Support (PEAS) Program: Final Report for the Victorian 
Department of Human Services. Centre for Community 
Child Health, Royal Children’s Hospital: Melbourne; 2003. 
 Cole T, Bellizi M, Flegal K et al. Establishing a standard 19. 
defi nition for child overweight and obesity worldwide: inter-
national survey. BMJ. 2000;320:1240 – 3. 
 Schaefer F, Georgi M, Zeiger A et al. Usefulness of bioelec-20. 
tric impedance and skinfold measurements in predicting fat-
free mass derived from total body potassium in children. 
Pediatr Res . 1994;35:617 – 24. 
 Cleary J, Daniells S, Okely AD et al. Predictive validity of 21. 
four bioelectrical impedance equations in determining per-
cent fat mass in overweight and obese children. J Am Diet 
Assoc. 2008;108:136 – 9. 
 VanItallie TB, Yang MU, Heymsfi eld SB et al. Height-nor-22. 
malized indices of the body’s fat-free mass and fat mass: 
potentially useful indicators of nutritional status. Am J Clin 
Nutr. 1990;52:953 – 9. 
 Kroke A, Hahn S, Buyken A et al. A comparative evaluation 23. 
of two different approaches to estimating age at adiposity 
rebound. Int J Obes (Lond). 2006;30:261 – 6.  Berkey C, Reed R. A model for describing normal and 24. 
abnormal growth in early childhood. Human Biology. 
1987;59:973 – 87. 
 Dietz W, Chen C, editors. Obesity in childhood and adoles-25. 
cence. Nestle Nutrition Workshop. Pediatric Program; 2002; 
Philadelphia. 
 Kirkwood B, Sterne J. Analysis of clustered data. Essential 26. 
Medical Statistics. 2nd ed. Blackwell Science Ltd: Malden, 
Massachusetts; 2003. p. 366 – 9. 
 Wake M, Hardy P, Canterford L et al. Overweight, obesity 27. 
and girth of Australian preschoolers: prevalence and socio-
economic correlates. Int J Obes (Lond). 2007;31:1044 – 51. 
 Eissa MA, Dai S, Mihalopoulos NL et al. Trajectories of 28. 
fat mass index, fat free-mass index, and waist circumfer-
ence in children: Project HeartBeat! Am J Prev Med. 2009;
37:S34 – 9. 
 Taylor R, Goulding A, Lewis-Barned NJ et al. Rate of fat 29. 
gain is faster in girls undergoing early adiposity rebound. 
Obes Res. 2004;12:1228 – 30. 
 Howe LD, Tilling K, Lawlor DA. Accuracy of height and 30. 
weight data from child health records. Arch Dis Child. 
2009;94:950 – 4. 
 Williams J, Wake M, Campbell M. Comparing estimates of 31. 
body fat in children using published bioelectrical impedance 
analysis equations. Int J Pediatr Obes. 2007;2:174 – 9. 
